complexes were collected from the oviducts and the cumulus cells were dispersed in KSOM medium containing 0.1% bovine testicular hyaluronidase. The oocytes were enucleated in Hepes-buffered KSOM containing 7.5 µg/mL cytochalasin B. The donor nuclei were injected into enucleated oocytes using a Piezo-driven micromanipulator (PMM-150FU, Primetech). After culture in KSOM for 1 h, the injected oocytes were activated in Ca 2+ -free KSOM containing 2.5 mM SrCl 2 for 1 h. The reconstructed embryos were cultured in KSOM containing 5 µg/mL cytochalasin B for 5 h.
Embryo transfer.
Reconstructed embryos that had reached the 4-cell stage after 48 h in culture were transferred into the oviducts of pseudopregnant ICR female mice on day 0.5 (the day following sterile mating with a vasectomized male). On day 19.5, the pregnant females were delivered by Caesarian section and the live pups were nursed by lactating ICR females.
RNA preparation and amplification.
Total RNA was extracted with TRIzol (Invitrogen) from single cloned blastocysts cultured for 96 h. RNA from a single blastocyst was subjected to two rounds of linear amplification using TargetAmp Two-Round Aminoallyl-aRNA Amplification Kits (Epicentre) according to the manufacturer's instructions. For control embryos, single IVF-generated blastocysts were subjected to total RNA extraction and two rounds of RNA amplification. Amplified RNA was labeled with Cy3 dye (GE Healthcare) and hybridized to a whole mouse genome oligo DNA microarray (4 × 44K, Agilent Technologies) for 16 h at 65°C according to the manufacturer's instructions.
Microarray analysis.
Scanning of microarray slides was performed with a DNA microarray scanner at a 5 µm resolution (Agilent Technologies). Scanned image files were processed to give signal intensities using Feature Extraction software (Agilent Technologies). To compare gene expression levels in each chromosome, a quantile normalization procedure was performed to adjust the differences of signal intensities between different chips. Signal intensities whose mean values were more than 50 units in IVF embryos were chosen and plotted in accordance with their chromosomal locations. For analyzing gene expression patterns on the X chromosome, the mean values of 20 genes were plotted as their location. To extract differently expressed genes, all raw data were loaded into Gene Spring GX 7.3 software (Agilent Technologies) and a quantile normalization was performed. Probes whose values were less than 10 units in all wild-type IVF and cloned embryos were excluded from further analysis. Normalized values for differentially expressed genes between IVF and cloned embryos were compared using Student's t-test with a 5% significance level using the Benjamini and Hochberg procedure. Other statistical analyses are indicated in the text as appropriate. The X:A expression ratio was calculated with means of raw intensities.
Quantitative RT-PCR.
CDNA from single cloned or IVF embryos was synthesized with Cell to cDNAII (Ambion).
The ABI Prism 7900HT was used to determine the level of cDNA. The Gapdh gene in each embryo was used for endogenous reference. The primer sets used for quantification were:
Mm00457647_m1, and Moesin, Mm01235553_g1 (Applied Biosystems).
RNA fluorescent in situ hybridization (RNA FISH).
RNA FISH was performed as described (S4) with minor modifications. A probe to detect Xist RNA was prepared by nick translation with Cy3-dCTP (GE Healthcare) from a Xist genomic clone encompassing a 7.5 kb fragment of exon 1. Embryos were incubated in 0.1% Triton X-100 in PBS for 10 sec on ice and fixed with 4% paraformaldehyde in PBS for 10 min at room temperature. Hybridization was carried out at 37°C overnight.
Following stringent washing, the nuclei of embryos were stained with TO-PRO-3 (Invitrogen). The embryos were mounted in 90% glycerol, 0.1 × PBS and 1% Dabco (Sigma-Aldrich). Fluorescent images were taken using an LSM510 meta confocal laser scanning microscope (Zeiss).
RNA/DNA FISH.
Preimplantation embryos were processed as described by Takagi et al. (S5) with minor modifications. Briefly, after hypotonic treatment with 1% sodium citrate for 1 min at room temperature, an embryo in a small volume of hypotonic solution was placed on a clean glass slide and any excess solution was removed. A drop of aqueous fixative (methanol :
acetic acid : deionized water = 9 : 3 : 2) was placed beside an embryo. Two drops of fixative (methanol : acetic acid = 3 : 1) were added to remove the aqueous fixative and the slide was allowed to dry in air at room temperature. DNA FISH following Xist RNA FISH was carried out as described in Matsui et al. (S6) with a whole mouse chromosome X-specific paint probe labeled with biotin (Canbio), and signals were detected using FITC-labeled anti-biotin antibody (Calbiochem).
Immunofluorescence against H3K27me3 and Eed.
Blastocysts were fixed with 4% paraformaldehyde for 1 h at 4 °C and permeabilized with PBST-BSA (0.5% Triton-X100, 0.1% BSA in PBS) for 1 h at room temperature. Fixed embryos were then incubated in a mixture of rabbit anti-H3K27me3 (1:100 dilution, 07-449, Upstate) and chicken anti-EED (1:100 dilution, S17) overnight at 4 °C. Following three washes with PBST-BSA, the embryos were incubated in a mixture of secondary antibodies conjugated with Alexa Fluor 488 (anti-rabbit, Invitrogen) and Alexa Fluor 546
(anti-chicken, Invitrogen) for 1 h at room temperature. Finally, they were counterstained with DAPI (Nacalai Tesque) for 10 min and mounted on glass slides with Vectashield (Vector Laboratories). The fluorescent signals were observed using a confocal scanning laser microscope (Digital Eclipse C1, Nikon).
Gene expression analysis of bovine embryos.
Bovine IVF, nuclear transfer and in vitro culture of embryos were essentially performed as described (S8, 9) . Bovine blastocyst embryos obtained from IVF or nuclear transfer procedures were treated with 0.5% protease for 5 min and then washed three times in PBS containing 1% polyvinylpyrrolidone. Single embryos were added to 5 µl aliquots of lysis solution and stored at -80°C. Embryo samples obtained from IVF or nuclear transfer procedures were heated to 80°C for 5 min and 0.8 µl aliquots of solution was used for sex determination (S10). The protocol used to determine the relative abundance of the bovine XIST transcripts was as described (S9) . The amount of transcript relative to that of Gapdh in the same samples was determined for normalization of XIST relative expression. PCR was conducted in a StepOne unit (Applied Biosystems) and cDNA was amplified in a 20 µl reaction mixture containing SYBR Green (Qiagen) and specific primers for bovine XIST (5ʹ′-AATAATGCGACAGGCAAAGG-3ʹ′ and 5ʹ′-TCCCGCTCATTTTCCATTAG-3ʹ′) or GAPDH (5ʹ′-CCAGAAGACTGTGGATGGCC-3ʹ′ and 5ʹ′-CTGACGCCTGCTTCACCACC-3ʹ′).
Chromatin immunoprecipitation (ChIP) on chip analysis.
H3K9me2 antibody (6D11, gift from Hiroshi Kimura, S11) was coupled to M280 and Cy3, respectively, and hybridized with a Nimblegen MM8 Mouse ChIP 2.1M WG-T 10-10 Array (Roche). Log 2 ChIP/Input ratios were computed and scaled to center the ratio data around zero using NimbleScan (Nimblegen). Mean values within a 1000 bp span were analyzed using the genome browser of the Subio platform (Subio).
Analysis of public database.
Normalized values obtained from the public GEO database (GSE13445) (S12) were calculated as mean values within a 1000 bp span. Enrichment of H3K9me2 was analyzed using a Subio platform.
Supplementary Text

Persistence of repressive histone modifications (H3K9me2) in the Magea and Xlr regions
As mentioned in the text, the majority of downregulated X-linked genes in clones were corrected in their expression by deletion of Xist on the activated X chromosome (Xa).
However, two discrete groups of genes remained downregulated (Fig. 3B, C) . These were the Magea and Xlr gene clusters localized on XqF3 and XqA7.2-7.3, respectively (Fig. 1C) .
Interestingly, 12 of the 21 X-linked CDGs were classified into one of these clusters (Table   S1 ). This indicates that these X-linked clusters were consistently repressed in clones by some mechanism other than Xist-dependent inactivation. The Magea family of genes encodes melanoma antigen A (MAGE-A) proteins that are exclusively expressed in germ cells, placentas and cancer cells (S13, 14) . They are ectopically expressed in embryonic stem (ES) cells deficient for G9a, a histone methyltransferase that accounts for dimethylation of histone H3 at lysine 9 (H3K9me2) (S15). H3K9me2 is responsible for gene silencing with a constitutive heterochromatin status and the regions enriched for this histone modification show tissue-specific blocks, called large organized chromatin K9 modifications (LOCKs) (S12). By referring to the public database of LOCKs for ES cells (S4), we confirmed that not only the Magea but also the Xlr families of genes were within LOCKs (Fig. S7 ). By contrast, F8a between two Xlr genes was outside these regions and recovered its expression level in Xist knockout cloned embryos (Fig. S7 ). We then examined whether the LOCKs were also conserved in the same regions in the donor cumulus cell genome using a chromatin immunoprecipitation (ChIP)-on-chip assay. The result clearly showed that the regions were highly enriched with H3K9me2, indicating that the LOCKs in these regions were conserved during the transition from undifferentiated ES cells to differentiated cumulus cells. Consistent with these findings, our microarray analysis revealed that ES cells showed very low expressions of the Magea and Xlr families of genes, whereas their blastocyst counterparts actively expressed these genes (Fig. S8) Table S1 ).� Table S1 ). Only a single nuclear region was visualized for the X chromosome in both IVF-generated and cloned embryos, indicating that they had normal diploid status (arrowheads in left panels). A clear Xist RNA domain overlapped on the X-painted region in the nuclei of the cloned embryo, whereas the IVF-generated embryo had no corresponding signals (arrowheads in right panels).� Table S1 . List of genes that were commonly downregulated among the three SCNT groups. 
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